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COLOR CHANGE EFFECT BASED ON PROVITAMIN
D PHOTOTRANSFORMATION IN CHOLESTERIC
LIQUID CRYSTALLINE MIXTURES

M. Aronishidze, A. Chanishvili, G. Chilaya, G. Petriashvili, and
S. Tavzarashvili
Institute of Cybernetics of Georgian Academy of Sciences,
Tbilist, Georgia

L. Lisetski
Institute for Single Crystals, NAS of Ukraine, Kharkov, Ukraine

1. Gvozdovskyy and I. Terenetskaya*
Institute of Physics, NAS of Ukraine, Kiev, Ukraine

It has been shown that UV radiation can produce observable color changes in
induced cholesteric systems (nematic + optically active dopant) additionally
doped with ergosterol (provitaman Ds). The effect is based on the photoinduced
conversion of ergosterol into vitamin Ds, which has the opposite sign of its heli-
cal twisting power. The observed shifts of the selective reflection peaks (more
then 100mwm after 10min of UV irradiation) allow both instrumental and
visual monitoring of biologically active UV radiation.

Keywords: induced cholesteric; provitamin D phototransformation; UV monitoring

INTRODUCTION

The cholesteric mesophase is an excellent medium, sensitive to the smallest
changes in molecular structure [1,2]. Photo-optical effect in absorbing liquid
crystals (LC) have been studied mostly in systems where the chemical struc-
ture of conformation of the constituent molecules is changed by irradiation
[3,4]. A color shift in induced cholesteric LC systems (mixtures of an achiral
LC with an optically active mesomorphic or nonmesomorphic dopant [5-7])
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was observed when a conformationally active dye was added to a cholesteric
liquid crystal [8], or when a photoisomerizable chiral compound was used as
a chiral dopant [9-12]. Recently, the use of a photoisomerizable nematic
component in induced cholesteric mixtures has been proposed [13-16].

In this work we continue the realization of a new idea [17,18]: the use of
vitamin D derivatives as chiral dopants in induced cholesteric structures.
This approach is very promising for a new application of liquid crystals—
development of photosensitive cholesteric mixtures controlled by the solar
UV radiation and directly representing the vitamin D synthetic capacity of
sunlight [17-21].

As is known, vitamin D' synthesis consists of the two stages of mono-
molecular isomerizations (Scheme 1) [22,23]. At the first stage, UV
irradiation of provitamin D within its absorption band (240-315nm) yields
previtamin D by hexadiene ring-opening (the C9-C10 chemical bond break
in the ring B). Once formed, previtamin D is converted into vitamin D by
thermo-induced intramolecular hydrogen shift.

It was found that Provitamin D induce right-handed helical twisting in
nematic liquid crystals, while the helix induced by vitamin D is left-handed
[24]. Unfortunately, the helical twisting power of compounds from the vit-
amin D group is too small for induction of a cholesteric structure with heli-
cal pitch values, ensuring selective reflection in the visible spectral range®
[24]. Therefore, our first idea of liquid-crystalline UV biosensor lay in the
use of a wedgelike LC cell filled with the two-component mixture
(NLC + provitamin D). In this case the Cano stripes diminishing number
is proportional to the accepted UV dose [17-19].

Our next idea was to add provitamin D to a cholesteric mixture already
possessing its pitch in the visible range [21]. Here we show a possibility to
observe color changes (helical pitch variation) in induced cholesteric
systems as a result of photoisomerization of provitamin Ds.

MATERIALS AND METHODS

The cholesteric mixture used should be composed of a nematic host and a
chiral dopant, both transparent in visible and near-UV range and nonphoto-
isomerizable. As nematic hosts, we used PCH-5 (a phenylcyclohexane mix-
ture, Merck) and a mixture of ZLI 1184 + ZLI 1185 (cyclohexanes, Merck).

The terminology “vitamin D” is employed here in the general sense, although two principal
chemical species are available. Vitamins Ds, ergocalciferol (CogHy40), and Ds, or cholecalci-
ferol; (Co7H440), are produced from their precursors ergosterol and 7-dehydrocholesterol
(7-DHC), respectively.

%In different nematic LC matrices (ZLI-1695, ZhK-805) HTP = 1.8 = 1.9 pm 'mol.frac ! for
provitamins Dy and D3, and HTP = —5.4 =+ 5.9 um’lmol.frac’1 for vitamin Ds.
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SCHEME 1 The reaction scheme of vitamin D synthesis: Pro, provitamin D; Pre,
previtamin D; T, tachysterol; L, lumisterol, Tox, toxysterols; D, vitamin D. R = CgH; 7
— Vitamin Dy series, R = CgH;7 — Vitamin D3 series. Numbers with arrows represent
the quantum yields [22,26].
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As chiral dopants, we used left-handed Tigogenin (T), a natural steroid [25],
and left-handed ZLI 811 (Merck). Ergosterol was used from Sigma.

The experimental studies were carried out using a standard sandwich-
type cell (thickness ~10 um). The transmission spectra measurements were
made at room temperature using a Specord M40 spectrophotometer. A 100 W
middle pressure mercury lamp was used for ultraviolet (UV) irradiation, and
the shortest wavelengths (>280 nm) were removed by the filter.

The induced cholesteric liquid crystals used in our study have a broad
temperature range of the mesophase. An important point is that helical
pitch of the UV biosensor should be temperature independent (or weakly
dependent).

RESULTS AND DISCUSSION

Depending on the handedness of the initial cholesteric structure, the pitch,
after doping by ergosterol, can either increase or decrease. In our case,
both chiral dopants were left-handed, and unwinding of the helical pitch
was observed (Figures 1 and 2)°. Doping of 10% ergosterol into the

3The selective reflection band has a bell-like shape, and its central wavelength is denoted
as “maximum selective reflection” in the Figures 1-4.
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FIGURE 1 Wavelength of maximum selective reflection (helical pitch) as function
of temperature for induced cholesteric mixtures. 1-80%PCH-5 + 20%T, 2-90%
(80%PCH-5420%T) 4+ 10% provitamin Ds.

two-component cholesteric mixture (80%PCH-5+20%T) gave rise to the
70nm long-wave shift of the selective reflection band (SRB: Figure 1).
Doping of 8% ergosterol to the three-component cholesteric mixture
[68%  (BO0%ZLI-1184 + 50%Z1LI-1185) 4+ 32%ZLI-811] induced lesser
long-wave shift (~40nm) of the SRB (Figure 2).
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FIGURE 2 Wavelength of maximum selective reflection as function of temperature
for the induced cholesteric mixtures. 1-68% (50%ZLI-1184 + 50%ZLI-1185)
+32%7ZLI-811, 2-92%[68% (50%ZLI-1184 4+ 50%ZLI-1185) + 32%ZLI-811] 4+ 8%
provitamin Ds.
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FIGURE 3 Dependence of the maximum of selective reflection wavelength on UV
exposure time for 90% (80%PCH-5+20%T) 4+ 10% provitamin Ds. Symbols,
experimental data; dotted line, first order exponential decay fitting.

At the same time, the undesirable temperature shift of the SRB in case of
the first mixture amounted to 70 nm (short-wave) as temperature changed
from 14°C to 50°C (Figure 1), whereas rather high stability of SRB was
observed for the second mixture (Figure 2).
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FIGURE 4 Dependence of the maximum selective reflection wavelength on UV
exposure time for 92%[68% (50%ZLI-1184 4+ 50%ZLI-1185) + 32%ZLI-811] 4+ 8%
provitamin Ds. Symbols, experimental data; Dotted line, first order exponential

decay fitting.
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Under UV irradiation, as a result of phototransformation of ergosterol,
the pitch changed in the opposite direction, i.e., back to the values for
the initial (undoped) cholesteric structure and further on (Figures 3 and
4). This is in agreement with the data on the effective helical twisting sense
of vitamin Dy, known to be opposite to that of ergosterol [24].

The values of the SRB changes with UV exposure (the color change)
were different in case of two cholesteric matrices. In the 1st case pro-
nounced color change (~130nm shift) was observed as a result of
10min exposure (Figure 3), but in the 2nd case less perceptible color
change (~40nm shift) was observed after 30 min exposure.

CONCLUSIONS

1. We have shown a possibility of UVB radiation (280-315nm) detection
by monitoring the helical pitch changes caused by the photoinduced
transformation of provitamin Dy to vitamin D5 in the cholesteric matrix.

2. The developed cholesteric sensor material, comprising a nematic LC, a
UV-insensitive chiral dopant, and 8-10% of ergosterol, displayed shifts
of the selective reflection peaks by up to 130nm after 10 min of UV
irradiation, making possible both instrumental and visual (by color
change) monitoring of UVB radiation.

These preliminary results are promising for development of personal UV
biosensor with visual detection of the vitamin D synthetic capacity of
sunlight (or artificial UV source). More detailed investigations directed to
optimization of cholesteric composition are in progress.
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